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The research presented in this dissertation is focused on the design, synthesis,
photophysical characterization, and nitro aromatic compounds-sensing properties of
planar geometry imidazoles. hi addition, a new series of carbazone compounds have been
developed and explored for the detection of explosives such as Trinitrotoluene (TNT).
The objective of this research is to explore the use of fluorescence spectroscopy
for the indirect detection of Hexamethylene Triperoxide Diamine (HMTD) explosives,
including direct sensing of TNT and dimethlyformaide (DMF). Imidazole compounds
were investigated for their ability to sense aromatic nitro compounds.
Phrenanthrenequinone imidazole (PI) has demonstrated a unique property in solution
state as a fluorescence probe for nitroaromatic compounds. It is found that PI
fluorescence is quenched by aromatic nitro compounds and hasan excellent response. It is
concentration based quenching and the detection sensitivity is in the range of parts per
million.
We prepared solid film from different imidazole compounds (e.g. PI) which gave
us unique detection specificity for DMF. The luminescence intensityindicates the
response of the sensor slide is reasonably fast, and potentially reusable, rendering the PI
in KBr pellet film a sensor for practical applications.
Also we prepared nanocomposites from SWNT-COOH with LPI, 4MBI and PI.
We specifically examined sensing properties from LPI and PIbased nanocomposites
Fluorescence spectra were found to give direct evidence for the interaction of imidazole
(such as LPI, PI) and the nanotubes.This implies the formation of an imidazole-nanotube
nanocomposite, in which the LPI would be expected to adsorb to the surface of the
nanotubes with a less bundled structure. The intensity of the LPI fluctuated in the
presence of TNT solution. It is reasonable that LPI molecules on the SWNT-COOH
surface are partially replaced by TNT molecules and in return the LPI molecules end up
in the solution. This solution states trade-off causes the fluorescence intensity to fluctuate
from quenching to enhancement and vice versa.
In addition, a series of carbazone compounds were prepared and aimed to explore
optical response upon the interaction with nitro aromatic compounds. Generally these
compounds are not fluorescent. The initial investigation of Aggregation emission
spectroscopy is initiated and potentially has fluorescence "turn on", and "turn off' effect
results indicate of the potential that further enhancement could be possible.
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Peroxide organic based explosives' ability to rapidly detonate has become of
significantinterest in terrorist organizations' plot to inflict mass destruction. Some may
recall the following events of interest. There was an attempt to bomb the Los Angeles
International Airport with peroxide based explosives on New Year's Eve 1999/2000 by
the Al Qaeda Millennium Bomber.1 hi the year of 2001 Richard C. Reid attempted to
blow up an American Airline flight by igniting peroxide based explosives hidden in his
shoes.2 Furthermore, British authorities uncovered a plot to blow up planes bound for the
United States via peroxide based explosives in the year 2006.3 Amduhnutullab, the
underwear bomber managed to transport peroxide based explosives onto a planebound to
Detroit on December 25th, 2009.4Most recently in 2010, terrorist Najibullah Zazi was the
center of investigation for the most sinister plot since the September 11 attacks. Zazi and
three other accomplices were taking steps to synthesize peroxide based explosives with
the purchase of gallons of chemicalsat a Denver beauty supply store.5
Chemical sensors for the detection of explosives are extremely valuable and are
attracting increased research for Homeland Security applications because terrorists
frequently employ materials for bomb making, therefore the mitigation of ultra-trace
analytes from explosives is necessary.6 Other potential applications of interests are in
military and humanitarian demining, reversal of explosives manufacturing sites; the
sensing of commonly used organic solvents, and forensic and criminal investigations.7'10
Various methods of explosives detection are currently available, but many simple
techniques are often insufficient, costly, operator dependent, prone to false positives and
spectrometers must be frequently calibrated.11 Some such methods include surface
enhanced Raman spectroscopy, energy dispersive X-ray Diffraction, gas chromatography
coupled with mass spectrometry, nuclear quadrupole resonance, electron capture
detection, cyclic voltammetry, and neuron activation analysis.7'12"16 Direct trace particle
detection is an attractive alternative to vapor detection because of the low volatility of 2,
4, 6-trinitrotoluene (TNT) and other explosives, coupled with their tendency to adhere to
surfaces such as the plastic encasement of landmines.
In addition to bomb detection applications, the Environmental Protection Agency
has concerns relating to the environmental health and safety distresses from exposure to
nitroaromatics. TNT is believed to cause cataracts, anemia and abnormal liver function.17
A Health Advisory Standard for TNT in drinking water at 2 parts per billion was
established.18 Hence, highly sensitive and selective methods for detecting TNT and other
nitro-based explosives are needed.19
The advantages of using fluorescence spectroscopy stem from its high sensitivity
of detection (down to the single molecule). The fluorescence process takes place within
10"6 to 10"9s after excitation of the species14. Fluorescence signal of ligands has the
unique ability to be turned "on" and "off similar toa switch. Metals and organic
substrates may be used to enhance or quench fluorescence. Fluorescent probes can
respond differently due to the nature of the molecule i.e. protonated, deprotonated or
neutral.
The most commonly used organic solvents are dimethyl sulfoxide (DMSO),
hexane, ethanol, acetonitrile, benzene, acetone, methylene chloride, chloroform, and
N,N-Dimethylformamide(DMF). Not only is DMF the most widely used organic solvent
it's also a marker for HMTD explosives and is commonly used in the industrial,
biological, and chemical fields.20'21The concern over the toxicity of DMF, especially
acute exposure has prompted intensive research in sensory technology. The Occupational
Safety Health Administration standard for the legal airborne permissible exposure limit is
10 ppm average over an 8-hour work shift.
Fluorescence-based chemosensing has a remarkable advantage over detection
schemes due to its high sensitivity and detection simplicity when analyte binding
produces attenuation in the light emission.22>23The challenge is to manipulate the
fluorophore materials to achieve simultaneous selective detection of explosive
participates; including the very difficult to detect organic peroxide based explosives,
while simultaneously improving sensitivity and signal analysis.24
A pertinent goal of my thesis research is to explore fluorescence spectroscopy
method for the indirect detection of peroxide based explosives includingthe leading
decomposition products of explosives.
BACKGROUND
2.1 Properties of Explosives
An explosive is a reactive substance that contains a great amount of potential
energy which produces an explosion, detonation, or deflagration of material into stable
substances accompanied by the production of light, heat, pressure, and sound. Four basic
characteristics of an explosive are (1) a single trigger or a combination of heat, impact,
shock, and friction can cause a chemical compound or mixture to ignite; (2) upon
ignition, it decays rapidly into a detonation; (3) large quantities of high-pressure gases
along with rapid release of heat that expand quickly with sufficient force to overcome
confining forces; and (4) fragmentation, displacement, ground vibration, air blast are the
rye
effects produced by the energy released by the detonation of explosives.
Explosives are classified in several ways: low or high explosives according to its
rate of burn; primary verses secondary explosives, commercial verses industrial
rye
explosives and according to chemical structure.
2.1.1 Low vs. High Explosives
A low explosive is a mixture of combustible compounds and an oxidant that
decomposes rapidly; where the rate of decomposition proceeds through the material at
less than the speed of sound. These materials are normally highly flammable, have a low
water resistance and a heaving action during blasting.25 Black powder is a good example
because its burning property is classified as a low explosive due to its relatively slow
decomposition rateand low brisance. Black powder is a mixture of sulfur, charcoal, and
potassium nitrate and has been used asa propellant in firearms and in fireworks.26
High explosives have an extremely fast burn rate during blasting and are normally
employed in demolition, mining, and military applications. They can be divided into two
explosives classes identified by sensitivity: primary and secondary explosive.27Primary
explosives are extremely sensitive, requiring a very small amount of stimuli such as
friction, impact, heat, static electricity, or electromagnetic radiation for initiation. Primary
explosives are reliably initiated with a blow from a hammer; therefore, they are often
used in detonators or to trigger larger charges of less sensitive secondary explosives.27 A
secondary explosive is less sensitive than primary explosives; therefore, they are usable
in a wider variety of applications and are safer to store and handle.
1,6-Diaza-3,4,8,9,12,13-hexabicyclo[4,4,4]tetradecane, hexamethylene
triperoxide diamine (HMTD) belongs to the high energetic materials family and is a
powerful initiating explosive. HMTD was first synthesized by Legler in 1885.28 Initially
HMTD was employed for commercial applications for mining as a primary explosive. Its
extreme sensitivity and short period ofusefulness made its commercial or military
application unsafe.
Triacetone triperoxide (TATP) is frequently used by terrorists, as it is easy to
synthesize and construct the device based on the rapid availability of starting materials.
TATP was first synthesized by Wolffenstein in the 19th century.29When sulfuric acid is
used as a catalyst the tetramer and dimer of acetone peroxide is observed as
byproducts.30TATP is extremely sensitive to impact, friction, and temperature changes
especially when stored as a dry product. Its extreme sensitivity and its tendency to
sublimewithin a few days are the reasons why it is not used in commercial or military
application.31'32
2.1.2 Chemical Assignments of Explosives
Assigning explosives into classes based upon the chemical constituents is known
as chemical classification as the following: nitrates, nitrate esters, nitramines, peroxides
and inorganic salts. Each class is described below.
2.1.2.1 Aliphatic and Aromatic Nitrates
Aliphatic nitrates are straight chain alkanes with carbon-nitro moieties that
contain six basic groups including primary, secondary, tertiary, terminal, and internal
gem-dinitroalkanes, and trinitromethyl compounds. Aromatic nitrates are benzene rings
with carbon-nitro functional groups that contain several isomers contingent on the
position of the C-NO2 group (s).
2.1.2.2 Nitroaromatics
Nitroaromatics explosives consist of a profound mixture of a chemical oxidant
and reductant that on initiation undergoes a highly exothermic decomposition to yield
gasesous products such as trinitrotoluene (TNT) tetryl and picric acid (PA).
Cyclotrimethylenetrinitramine (RDX), pentacrythritoltetranitrate (PETN), and tritonal are
mixtures of high explosives that are commonly used and TNT is a key ingredient found
in fifteen explosive compositions.33'34 Chemical structure and classification of common
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Figure l:Chemical structure and classification ofcommon target explosive analyte.
2.1.3 Detecting Hidden Explosives
Nearly all instrumental characterization methods have been investigated for their
applicability as explosive sensors. These methods can be classified as mass sensors,
optical sensors, electrochemical sensors, and biosensors.34"40Reliable detection of trace
explosive materials has become a crucial point in security screening methods.34'41 Areas
of concern are counter terrorism activities (i.e., facility protection and personal, baggage,
and cargo screening), minefield remediation, crime scene investigations, and
environmental health/safety issues.7'8'41"43
Baggage control areas at airports, industrial plants, postal service facilities, train
stations, and government buildings in addition to the battlefield are likely targets for
bomb attacks thus detecting hidden explosives is essential. Bombs can easily be
concealed in plain sight due to their variation in size, shape and material. Two ways in
which bombs can be detected are by recognition of their typical working parts (i.e.
detonators, switches, timers) or by recognition of explosive material. Metal detection
alone is not considered conclusive evidence of an explosive device because metals are
common in everyday objects.44
2.1.3.1 Radiation methods
Radiation based or vapor based detection of energetic material responds
specifically to its unique properties and can distinguish them from harmless materials of
similar composition. The differentiation of organic explosives from most ordinary
everyday substances is allowed by radiation methods that depend on compound-specific
interactions but effective radiation methods are limited because they do not penetrate
various types of containers filled with many different materials.
2.1.3.2 X-andY-Rays
Current limitations of X-ray imaging are often caused by the shielding of several
metallic objects in container, or if the container contains metallic shielding or electronic
devices, a positive identification cannot be made. The energetic material itself must be
detected because the positive recognition ofbombs embedded in radios or computers are
impossible to be detected by X-ray imaging. The radio or computer containing such
hidden bombs may operate without any loss of function.
Neutron activation analysis is the most promising methods for the detection of
explosives.44"47 There are two methods of neutron activation analysis used for the
detection of hidden organic explosives; thermal neutron activation (TNA) and fast
neutron activation (FNA). TNA is based on the selective emission of 10.8 MeV y photons
and the intensity plus spatial distribution of these high-energy y photons is a strong
indication of the presence of nitrogen.48FNA is based on the production of y photons and
the inelastic scattering of neutrons at the nuclei and is able to detect nitrogen, oxygen and
carbon. Spatial resolution is possible when combined with time coordination of the
neutron input, y photon detection and the position of the suspect container on the
conveyor belt.
2.1.3.3 Nuclear Magnetic Resonance
Classical measurement of the chemical shift of *H nuclei is overpowered by the
mixture of signals from other materials in the container and therefore, the application of
solid state NMR spectroscopy to the detection of hidden explosives requires an extensive
change in technical specifications. The relaxation of the ^ nuclei is specific for
explosives in a complex environment, but the sensitivity vital for the detection of small
amounts of explosives in suitcases coupled with the limited measurement time available
for each check can lead to an increase of false positives detected.
2.1.4 Receptor-based Trace Explosive Detection
Nanosensors can be categorized as receptor-based or receptor-free nanosensors
based on detecting physical properties of explosives.50 Selectivity through the specific
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interaction between the receptor molecule and the explosive analyte achieves receptor-
based sensing. A change in a quantifiable property, such as conductivity, mass or
absorbance is then used to measure the interaction. For reversible detection, explosive
molecules must bind to the receptors with weak chemical bonds that can be broken at
room temperature, for example van Der Waals interactions, hydrogen bonds etc.
2.1.5 Vapor Methods Used for Detection
Vapor detection is restricted to compounds with sufficiently high vapor pressures
making detection possible if some of the explosive is deposited on the surface of
container during packing. Surface contamination enables detection and is often the reason
for successful detection of vapor from explosives. However, vapor from explosives can
be detected inside the package when none is present of the surface. Detection is difficult
if the explosive is wrapped in cloth or plastic because the vapor must diffuse through the
wrapping thus the detectability of the other components is dependent on the sensitivity of
the equipment to vapor concentration. Substances in the environment of a checked object
have a greater concentration than the parts per trillion range and may interfere either by
disguising the presence of explosives or by giving false positives hence making
selectivity one ofthe most important factors in vapor analysis.
2.1.5.1 Ion Mobility Spectrometry
IMS has a very high sensitivity for trace analysis of explosives capturing organic
substances such as nitro groups. Its apparent selectivity often gives false positives
because IMS systems with simple ionization in the environmental gas and detection of
one sample peak cause interferences from everyday substances with similar IMS
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behavior. However, IMS is more effective to sense peroxide based explosives because
organic explosives carry compounds other than nitro explosives.44
2.1.5.2 Gas Chromatography
High temperature pyrolysis of nitro compounds has been successfully used for
trace analysis of explosives in the forensic laboratory based of chemiluminescence
detection founded on the formation of nitrogen oxide.51 To optimize detection of
explosives in the fieldthe systems are operated isothermally and specialized
chromatographs that use very short columns, high gas-flow rates and electron detectors.
Odor detection is important to forensics, law enforcement, and legal communities
and has been explored with both biological and instrumental detectors with most common
applications in drug, currency, arson, explosive, cadaver, and human scent detection.52
2.1.6 Biological Sensors
Biological sensors can be traced back thousands of years through the use of dogs
for hunting purposes and since the mid-twentieth century in the search for humans, and
the location of victims of disasters, drugs, and explosives.53'54 Sniffer dogs are able to
perform this task due to having an olfactory system four times larger with a significant
number of receptors more than a human. With respect to olfaction, dogs are considered
microsmatic because they rely tremendously on their sense of smell over their other
senses.55'56 Once the dogs are trained they can distinguish between many compounds and
follow a scent due to the separation of the nostrils by the septum. Recent years the
applications for a dog's olfaction ability expand into the detection of guns, pipeline leaks,
accelerants, contraband food, gold ore, mold and individual human scent.57"61
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This method of detection is very sensitive, and their use is advantageous,
however, dogs are expensive to maintain and train. The costs also rise due to the salary of
the handler because they cannot be left to work alone, hi addition to this, they are easily
fatigued and can become distracted by other scents in the environment they are searching.
Their findings are also difficult to quantify.
2.1.7 Improving Sensor Properties
Advances in the detection of suspicious materials for their explosives content are
needed in the areas of cost efficiency, sensitivity, selectivity, portability, and speed of the
signal analysis. Current technology usually addresses one or two of these issues using
instrumental or spectroscopic methods for bulk detection or vapor phase. To the best of
our knowledge, no current method successfully incorporates all the features listed above.
Hindrances for the advancement of these technologies include the limited sample size
available for analysis, numerous vapor pressures, interferences, deliberate concealment of
the explosive material prior to use and other physical properties of the targeted
explosives.7'41'62
Improved sensitivity towards less volatile or encapsulated explosives has been
determined from the practical standpoint, throughstandoff detection and direct analysis of
explosive particulates through solid-phase generators and analysis.63'67 It is well known
that the handling of explosive materials can leave microgram quantities of explosive
residues on subjects and transport vehicles.68'69 Additionally, explosives with low vapor
pressures can remain on hair follicles for days and after repeated washings upon exposure
or handling of the material.70 By targeting particulate residue rather than the vapor form
ofthe explosives, pre-concentration issues can be avoided.
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2.1.8 Sensors for Commonly Used Organic Solvent DMF
The development of molecular sensors, in particular those based on fluorescent
molecular probes, is imperative in the sensing and detection of substrates of interest in
environmental, chemical and biological industries. Serious health concerns are associated
with DMF exposure both through contact and inhalation in various industries, such as the
production of synthetic fibers, leather tannings, films, and coatings. Hepatoxicity ofDMF
has been confirmed through studies of expose workers and animal experiments; other
toxic effects have been suggested including carcinogenesis and embryotoxicity.71"79 Due
to the large population at risk and the extensive use in industry, DMF has been prioritized
for field studies. The standard sampling and detection method for DMF vapor in air
requires lengthy processes involving physical absorption/desorption of air samples and
the use of gas chromatography. " A reusable, sensitive, selective, and easy to use
sensor for DMF vapor is looked-for.21 The main concern in design of effective
fluorescence chemosensor is to readily covert molecular recognition into photochemical
changes. An ideal probe should demonstrate a low detection limit and retain its selectivity
towards DMF. Fluorescence chemosensors can be effectively used as a tool to recognize
DMF substrates and measure the amount of DMF present from the sources contaminated
with them.
This year Li et al. have reported a new luminescent lanthanide metal organic
framework (LnMOFs) displaying efficient turn-on triggered by solvent vapors, with
excellent selectivity for DMF vapor. The luminescence of the ligand of choice after
incubation for 24 hours under various solvent vapors were measured and results shows
that while most solvents give around onefold enhacement, DMF triggers a superior turn-
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on, that is more than eightfold enhancement of luminescence. Studies suggest that the
majority of the turn-on in response to DMF vapor is caused by DMF-ligand interactions
that presumably shift the excited state energy level thus facilitates the ligand-to-metal
energy transfer.
2.1.9 Fluorescence
Fluorescence is an analytically important emission process in which atoms or
molecules are excited by the absorption of a beam of electromagnetic radiation. During
this process many molecules collide with each other to cause them to become excited
with a greater vibrational energy. This process typically takes place within 10-6 to 10-9
seconds after the species are bombarded with a beam of light. They are then relaxed to
ground state; therefore, giving up their excess energy as photons. This excess energy is
smaller than that of the absorbed radiation by an amount comparable to the vibrational
excitation energy. The Stokes shift takes place when there is a shift in the wavelength to a
lower frequency and a longer wavelength. Fluorescence is often accomplished through
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Figure 2: Electron-transfer fluorescence quenching.
2.1.10 Luminescence Sensors
One promising technology uses conjugated photoluminescent polymers to rapidly
detect explosive vapors. Trogler et al. has exploited nitroaromatics electron accepting
capability when designing polymer sensors for nitroaromatic explosives detection in
solution and in the vapor phase. Fluorescent polymers with electron accepting
capability is derived on the substitution of the electron-withdrawing nitro groups on the
aromatic ring which lowers the energy of the empty n* orbitals. The electron donor
ability of conjugated polymers is promising for redox sensing because in their n* excited
QA
states there donor ability is enhanced. Excited state delocalization is imperative because
exciton migration increases the frequency of interaction with a bound quencher and as a
result contributes to enhanced detection sensitivity.85'86 Numerous polymers have been
used to detect nitroaromatic explosives by a variety of transduction schemes (Figure 3).
Fluorescence organic and inorganic conjugated polymers have been applied to the
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detection of nitroaromatic explosives with detection limits in the parts-per-billion and
parts-per-trillion range. However, this approach has been limited to the detection of
volatile explosives such as TNT.
Another trace-detection technique and a fairly newer technique based on
fluorescence quenching of polymers is known as Fido. The Fido explosives detector is
built by Nomadics Inc. and is based on a proprietary technology developed by Timothy
Swager at MIT. Fido level of detection is comparable to that of a highly trained
explosives-detection dog. However, the ingestion of the explosives into their detectors is
required. In other words, they must come into direct physical contact with the explosive
molecules themselves.
16
Figure 3: Poly(p-phenylenevinylenes: (A), DADP-PPV (B) MPS-PPV (C) BuPA (polyacetylene),
(D) DP10-PPV (E) MEH-PPV
2.1.11 Chelating Ligands
A chelate is a chemical compound in the form of a heterocyclic ring containing a
metal ion attached by coordinate bonds to at least two inorganic or organic ions.
Bidentate and polydentate form more stable complexes than monodentate ligands since
dissociation of the complex involves breaking two or more bonds rather than one. The
chelating effect is known as the generally larger formation constants for polydentate
ligands as compared with the corresponding monodentate ligands. The stability of chelate
compounds increases when they contain a system of alternative double and single bonds.
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The electron density is localized and spread over the ring which is stabilized by
resonance.87'88
2.1.12 The Role ofPhenanthro[9,10-d]imidazoles' as Chelating Ligands
Heterocyclic imidazole derivatives have attracted considerable attention because
of its unique chemical properties due to the active proton (N-H) at the 1-position which is
the source of reactivity.89'91These imidazole have unique optical properties of both linear
and nonlinear optical nature.89"92Of particular interest is the versatility and the
functionality of the Phenanthro[9,10-cT]imidazole (PI) and its derivatives as chelating
ligands. Phenanthro[9,10-d]imidazole and other imidazoles are usedfor applications in
sensing, modification of carbon nanotubes, balance carrier injection, and to gain detailed
understanding of the relationship between the structure and the fluorescence
properties.92'93The structural backbone of the PI is shown below in Figure 4 Error!
Reference source not found..
Figure 4:The structural backbone of the Phenanthro[9,10-£(]imidazole compounds.
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Recently Bu et al. has studied the steric effect of lophine, N-substituted lophine
and heterocyclic species-thiazole at the 2-position (Figure 5). The focus of that work is
on one of the three aromatic species attached to the central imidazole ring. The aim of the
study is to gain detailed understanding of the relationship between the structure and the
fluorescent properties while minimizing the distortion of conjugation between imidazole
ring and the aromatic ring at the 2-position. It was demonstrated that thiazole derivatives
can be substituted at the 2-position with a minimum loss of fluorescence property. Five
membered thiazoles' at the 2-position of the imidazole also has reduced the steric
hindrances between each other and retains the coplanarity.92 In return the substitution at
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Figure 5Structure of heterocyclic species-thiazole at the 2-position
Wang et al. has studied the blue emitting compound, BPPI, PPI, and TPPI, based
on a Phenanthro[9,10-d]imidazole group to be used as a multifunctional blue emitter, to
benefit the injection holes while simultaneously keeping the excellent electron injection
characteristics unchanged. All three new compounds were synthesized in a one-pot
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reaction. The mixtures of aniline, phenanthrenequinone, ammonium acetate and
corresponding aromatic aldehyde were refluxed for 2 hours, then cooled to room
temperature and filtered.93 The crude products of light yellow powders were purified by
chromatography and the yields of all target products were above 75%. As a result of
fluorescence analysis and stability testing the development of the PI building block for
efficient blue light emitting materials and for application in OLEDs is concluded.93The
phenanthroimidazole unit also exhibits highly efficient fluorescence property.93
2-[4-(diphenylamino)phenyl]-li7-phenanthro[9,10-cf]imidazole with imidazole
ring and diphenylamino group possesses a known chemiluminescence property which has
been examined for the purpose of controlling solid-state fluorescence wavelength by the
clathrate formation.94 It displays fluorescence enhancement behavior with a
hypsochromic shift of the emission maximum upon enclathration of organic solvent
molecules.94 It also exhibits fluorescence enhancement behavior with a bathochromic
shift ofthe mission maximum upon exposure of acetic acid and propionic acid.
The synthesis of PI and its analogues consists of direct condensation of aldehyde,
diketone, and amine like that of any other imidazole compounds.93'95'96
2.1.13 Thiosemicarbazones
Thiosemicarbazones are an important class of antitumor drugs. A
thiosemicarbazone is an analog of a semicarbazone which contains a sulfur atom in place
of the oxygen atom. Some semicarbazones, such as nitrofurazone and thiosemicarbazones
are known to have anti-viral and anti-cancer activity, usually mediated through binding to
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copper or iron in cells. Thiosemicarbazone also possess a set of (N, N, S) donor atoms
with a non-coordinating substituent's and typically form 2:1 ligand: metal complexes
with six-coordinate metal ions.
Thiosemicarbazones have demonstrated to be strong ribonucleotidereductase
(RR) inhibitors. RR is an enzyme that catalyzes the formation of deoxyribonucleotides
and is involved in the repairing and synthesis of DNA. Thiosemicarbazones are also
excellent chelators of transition metals such as iron, copper, and zinc. The carbazones are
furnished with ester or acid groups to adjust hydrophilicity as well as multi-dentate
chelators for metal chelation.97 Metals are developed to use as anticancer drugs because
of the high requirement of neoplastic cells for essential metals need in growth and
proliferation. These metal ions have crucial roles such as oxygen transport, metabolism
and DNA synthesis. Homeostatic controls are necessary because excess amount of these
metals can lead to toxicity while a deficiency can result in metabolic impairment or
disease.98With the binding of a chelated agent for iron to ester or acid group structures the
drug is allowed to enter target cell and deplete all of the iron from the tumor cells
resulting in apoptosis. The deprivation of iron leads to Gi/S phase cell cycle arrest.
Thiosemicarbazones are capable of inhibiting the cell replication process because of its
inhibiting RR. Previous studies in this area have shown intermolecular and intramolecular
hydrogen bonding in thiosemicarbazones and in some cases tautomers or isomers were
formed. For example Tiwari et al. carried out natural bond orbitals analysis to investigate
the intramolecular interactions within molecules.
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Generally carbazone compounds are not fluorescent. Nevertheless, through





3.1 Synthesis of PI and analogues
As shown in Figure 6, new compounds LPI, LPI-OH and the well-known
compounds PI and 4MBI were synthesized individually in a one pot reaction. The
mixtures of 9,10-Phenanthrenequinone, ammonium acetate and corresponding aromatic
aldehyde were refluxed for 2 hours, then cooled to room temperature and filtered.93 The
molar ratio used was pre-established by the Bu group. 100The crude products of yellow















Figure 6: Synthetic scheme of imidazole compounds.
3.1.1 Characterization
LPI was synthesized in a one pot reaction of 4-Bis [2-(acetyloxy) ethyl]-amino]
benzaldehyde, 9,10-Phenanthrenequinone, and ammonium acetate (1:1:20 molar ratio)
inglacial acetic acid. The obtained yield was 80.3% with melting point of 183-184°C.
Confirmation of the structure of LPI was completed using :H NMR, 13C NMR, FTIR, and single
X-ray crystallography. 'H NMR (
) in DMSO-d6 showed a single proton signal at 513.117 ppm which was
indicative of the NH on the imidazole ring. Additional proton signals observed in the
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aromatic region were doublets at 5 8.803, 8.553, 8.116 and 6.945; triplets at 57.709 and
7.612. The results also shows a single proton signal at 52.028 ppm which was revealing
of the 3 protons of methyl group. Although the sample is dried under P2O5 conditions, in
the aliphatic region there is an additional peak at 51.1 ppm which is suggestive of ethanol
trapped in the matrix of the ligand possibly during the recrystallization process. To verify
the presence of theNH from the imidazole ring, a drop of deuterium oxide (D2O) was
added to the NMR tube and the !H NMR was retaken. The new spectra showed the
disappearance of the proton at 513.124 ppm. Below is the overlay of LPI and LPI with
D2O (Figure 7).Crystals of high quality were obtained from recrystallization from
solvent?. The x-ray structure was determined. The data for LPI is certainly good enough
to get good thermal ellipsoid plots. The x-ray structure reveals that there is a solvent
molecule inclusion within the crystal structure.
This solvent molecule must be capable of being formed in-situ during
crystallization. The solvent molecule appears to be a 5-membered ring with a 2-
membered substiruent group attached to it. The atomic displacement parameters
(ADPs)of the last atom on that substituent indicate some support for assignment as an
oxygen atom, and the bond distance would suggest this would be better identified as -OH
rather than =0. Further, as OH, this enables hydrogen bonding to Nl of the imidazole
ring. There are probably some van der Waals interactions that also contribute to the long
range structure.Selected X-ray Crystallography data, bond angles, and bond distances are













Figure 7: The !H NMR (DMSCW6) overlay of LPI with D2O (A) and LPI (B)
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In the FT-ER spectrum of LPI, the N-H stretch of imidazole (Vn-h) is observed at
3341.61 cm-1 and a vibrational bend at 1487.13 cm-1 (in KBr pellet). Secondly, there was
a weak C-H vibration band at 3080.12 cm-1. The investigated molecule LPI contains two
carbonyl groups and two methylene groups. The stretching vibration of ester carbonyl
group (Vc=o) is observed at 1720.86 cm-1. There are also two weak bands at 2956.58 and
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Figure 8:FTIR KBr spectra of LPI
LPI-OH was synthesized in a direct hydrolysis of LPI dissolved in 7 mL of DMF
and 5 mL of20% sodium hydroxide and allowed to reflux overnight under nitrogen. The
rection yield was 42.6%, and the product has a melting point o£264-265°C.
XH NMR in DMSO-d6 showed a singletaromatic proton signal at 813.064 ppm
which was suggestive of the NH group on the imidazole ring. Additional proton signals
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observed in the aromatic region were doublets at 8 8.831, 8.543, 8.093, 7.603, and 6.882.
The methylene protons are found at 83.633 and 3.547.







Figure 9:Overlay of lU NMR (DMSO-^6) spectra of the LPI and LPI-OHA: LPI B: LPI-OH
Additionally, the FTIR (Figure 10) showed a broad band at 3258 cm"1 for the O-
H group found on the diol. Next, there was a weak C-H band at 2947.43 cm-
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Corresponding to the aliphatic -CH2methylene protons and a sharp band at 1610.18 cm-1
which resemble the C-H bend. Furthermore, the vibrational bend at 1487.13 cm-'from
the secondary amine on the imidazole ring is noted. Compared to LPI, it is noticeable that
the peak at 1718 cm-1 disappeared because the hydrolysis resulted in the loss of acyl
group.
(3258.36 O-H) (1610.18 C-H)
(1487.15 N-H)
3500 3000 2500 2000 1500 1000 500
Figure 10:FTIR (KBr pellet) spectra ofLPI-OH
Damavandi et al. reported the !H NMRs of both PI and 4MBI with the NH group
being a singlet at 812.25 ppm. The synthesis was completed with a mixture of aromatic
aldehyde (1 mmol), 9,10-phenanthrenequinone (1 mmol), ammonium acetate (3.5 mmol),
and 5 mol % of p-TSA in ethanol (10 ml) was stirred at room temperature under
ultrasonic irradiation using ultrasonic cleaner with a frequency of 40 KHz and a nominal
power of 100 W. The product was purified from Flash Column chromatography with 300
and 400-mesh silica gel.101
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hi our case the conventional method is used to synthesize Pland 4MBI by reaction
of benzaldehyde or4-methoxybenzaldehyde with 9,10-Phenanthrenequinone, and
ammonium acetate (1:1:20 molar ratio) in glacial acetic acid (synthesis is outlined in the
experimental section) and the product was purified by recrystallization from ethanol.The
presence of the active proton (N-H) at the 1-position of imidazole ring is the source of
reactivity. The molecular structure determined by the x-ray crystallography reveals one
particular H-bonding interaction (Figure 11). The hydrogen of NH in the 1-position
interacts with the N in the 3-position of the other molecule whose NH in the 1-position
does the same thing to another molecule, so on and so forth, forming a chain structure
where molecules are tethered together by such H-bonds capable to form polymeric
structure. We conclude intermolecular hydrogen bonding is the reason there is a




Figure 11: H-bonding in PI X-ray
There is no solvent molecule found in the x-ray structure (Figure 12). The
refinement is greatly improved over the one previous report in the literature; their Rl
value was nearly 0.11.
C(20>
Figure 12: Crystallography of PI
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LPI-PA was synthesized in a direct heterocyclization of 4-actetamido-
benzaldehyde, 9,10-Phenanthrenequinone, and ammonium acetate (1:1:20 molar ratio) in
hot glacial acetic acid. The percent yield is 35.3 % and the melting point of 332-336°C.
H NMR in DMSO-d6 showed a single aromatic proton signal at 813.350 ppm
that is indicative of the NH group on the imidazole ring. Additional proton signals
observed in the aromatic region were; doublets at 5 8.853, 8.586; triplets at 8.244 and
7.644 ppm. It also showed a single aliphaticproton signal at 8 2.104 ppm which was
close-fitting of the 3 methyl protons. The proton signal ofNH for NHCOMe is at 10.200
ppm.
3.2 Carbazone Compounds Synthesis
As shown in
Figure 13, new compounds 4B-OAPh, 4B-OH-Ph, 4B-OAcPy, 4B-OHPy, I-
OCH3-Py, 4-POAc and known 4-MeOS were synthesized in a one pot reaction. The
mixtures of various carbazone compounds and corresponding aromatic aldehyde were
refluxed overnight, then cooled to room temperature and filtered. The molar ratio was
pre-established by Acharya et al. Hernandez et al. Perdicchia et al. and Gaber et al.103'107



















Figure 13: Synthetic scheme of carbazone compovmds
3.2.1 Characterization of carbazones
The carbazone compounds were prepared by reaction of 4-methoxybenzaldehyde,
4-bis (acetyloxy) ethyl]-amino]benzaldehyde, or 4-[N, N-Bis (2-hydroxy ethyl) amino]
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benzaldehyde, with benzoic hydrazine, 4-Methyl-3-thiosemicarbazide, nicotinic acid
hydrazide, isoniazid, 4-Phenylthiosemicarbazide, as appropriate (synthesis is outlined in
the experimental section). The products were characterized by lH NMR, 13C NMR, FT-
IR and X-ray crystallography. !H, 13C NMR spectra of 4B-OAPh and 4B-OAcPy show
the 3 protons of methyl group at 52.0 ppm and the carbon at 520 ppm, respectively. The
x-ray crystallography for the structure of 4B-OAc-Py suggests it is the imine-amide
tautomer (based on the identifiable H atom on N2, the short C1-O2 bond (implying C=O)
and the short N3-C7 bond distance. Two acetate groups are still attached to the phenyl
ring (Figure 14). Note that 023 has a very large thermal ellipsoid. While this is not
uncommon for atoms at the end of a long chain (see C17, for example) there is some
residual electron density in the C21-023 area that would suggest 023 is disordered with
another O atom (this is actually the highest difference peak of 0.5 e/A3). There is










Figure 14: The crystallography of4B-OAcPy
4B-OH-Ph and 4B-OH-Py !H NMR spectra show the hydroxyl groups at 84.8
ppm. Vila et al. synthesized 4-MeOS and confirmed it structure via lB. NMR; the NH
proton gave a signal at 89.3 and we identified a signal at 89.1. We suspect that resonance
is involved due to the upfield shift of the NH group and the strong S-H bond at 81.6 ppm.
The ligand 4-MeOS showed a band at 1515.32 cm-'perhaps assigned to the (c=s)
stretching mode. Furthermore, a sharp band of the amine group found on the imidazole
ring at 3322.73 cm-1. There was a weak aromatic C-H vibration band at 3162.54 cm-1.
The number and variety of donor atoms that carbazones possess improves their versatility
and it? is important to the metal-ligand linkage. Ligands of this caliber have potentially
good biological activity and they have been screened for potential antitumor and antiviral
properties.1081!! NMR of I-OCH3-Py in DMSO-J6 showed a single proton signal at
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811.964 ppm which was telling of the secondary amine and a single proton signal at 8
3.825 ppm which was symbolic ofthe methyl group near the oxygen.
In Figure 16 the different tautomer structures of4-POAc are shown. 4-POAc readily converts by
tautomerization during the recrystallization process from methanol. During the reflux process the original
solution is yellow and within moments the solution changes to green and then to blue. Crystals are
recovered from all states and :H NMR in both the aromatic and aliphatic region is used to characterize
tautomerization (
Figure 17). The formation of imine-amide, imine-iminol, and hydrazone bonds
are confirmed. For example Perdrido et al. reported cobalt (II) thiosemicarbazonate
mesocate that has been characterized as an unexpected mixture of conformational and
linkage isomers.All of the isomers are tetracoordinated to Cobalt (II) ions by two
dianionic ligands both using their two pairs of imine/hydrazide thiolate donor atoms in
the coordination to the metal centers.1
Recrystallization of the yellow solid by slow evaporation of a solution in
methanol at room temperature afforded green crystals suitable for X-ray analysis (Figure
15). The structural data revealed that the Cl SI bond is a single bond based on the bond
length of 1.684 (3) A and presumably due to the involvement of 4-POAc in hydrogen
bonding. The Cl Nl bond length is 1.346 (3) A which is indicative of a double bond. The
N2 N3 bond length is 1.391 (3) A and is somewhat longer than the Cl Nl bond.
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Figure 15: X-ray structure of4-POAc
Theisomers of 4-POAc differ only in the position of the protons. The carbon
skeleton of the compound is unchanged. This reaction involves simple proton transfer in
an intermolecular fashion. Tautomers of azo, imined and hydrazone compounds are a
very common phenomenon, and is acid or base catalyzed. The tautomers arise from the
electronegative sulfur atom pulling the hydrogen from both amine groups causing
equilibrium to occur with the formation oftwo resonance structures.
*H NMR spectra of the green tautomer secondary amine group is more downfield
or low field because the position of the newly formed double bond is located on the more
conjugated system. The blue tautomer developed by proton migration has a shorter
wavelength because it is next to the aromatic benzene ring, however, when compared
with the green tautomer, it is less conjugated therefore in the !H NMR spectra there is an
upfield shift in the amine group.
The *H NMR of both the green and blue spectra in the aliphatic region at the 51.5
ppm was identified as a proton located on the sulfur atom,110 which is more intense
because of the proton transfer between the sulfur atom and the hydrogen. The original !H
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NMR spectra at 81.5 ppm position indicates a weak signal of the proton transfer to the
sulfur atom because the proton transfer is not very stable.110
Additionally, the FTIR of the Green tautomer showed a medium band at 3313.51
cm-^f which is representative of the secondary N-H stretch and a medium band at
3135.45 cm-1which point to the aromatic C-H on the benzene rings. There was also a
sharp stretching vibration band at 1733.59 cm^which indicates the presence of a

























Figure 17: 'H NMR of4-POAc tautomers
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LH NMR from green solid sample shows a singlet at 8 9.399 ppm, and singlet at
9.207 ppm, both ofwhich belong to H-a and H-b, respectively. That is followed by
aromatic protons you see at 7.788, 7.724, 7.593, 7.450, and 6.799, followed by aliphatic
protons from the methylene protons at 4.292 and 3.707. Also in this region there are two
additional single protons at 8 2.066 and 1.627 which belong to the 3 protons of methyl
group and thiol group respectively. H NMR from yellow solid sample shows a singlet at
8 9.956 ppm, and singlet at 9.218 ppm, both ofwhich belong to H-a and H-b,
respectively. That is followed by aromatic protons you see at 7.860, 7.714, 7.587,
7.433and 6.804, followed by aliphatic protons from the methylene protons at 4.286 and
3.699. Also in this region there is an additional single proton at 8 2.082 ppm which
belongs to the 3 protons of methyl group.
3.3 The Exploration of Flurophores Sensitive to DMF
The purpose of this study is to explore flurophores sensitive to DMF
vapor;therefore, 2-phenyl-lH-phenanthro[9,10-d]imidazole (PI) is investigated. The
structure and x-ray crystallography of PI is shown inFigure 18. PI is potentially a good
candidate for the fluorescence DMF probe because it is fluorescent in the liquid state in
DMF, tetrahydrofuran (THF) and acetic acid (AA) (Figure 19).Once we have assessed
the fluorescence property ofPI, it was further explored using the solid state fluorescence.
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Figure 19:The liquid fluorescence property ofPI in DMF, THF and AA.
Previously the use of DMF and THF as well as acetic acid (AA) was investigated
individually to cast films of PI. 3-4 mg of PI was dissolved in 2-3 mL ofDMF, or THF or
AA. The solutions were drop cast unto a glass slide and allowed to dry for 21 hours in
open air. The solid state fluorescence for the PI from DMF film has fluorescence
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intensity of 201,000 counts. Once exposed to triethylamine (TEA) vapors the intensity
fluctuates, meaning there is a visible increase and decrease in the fluorescence property
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Ecitation wavelength: 300 nm
Emission wavelength: 350-575 nm
Total minutes of TEA exposure: 117 min
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Figure 20:The solid state fluorescence for the PI in DMF film.
PI film from THF has fluorescence intensity of 55,000 counts and as the exposure
time to TEA increases there is a hypsochromic shift observed at 390 nm as well as
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Figure 21:The solid state fluorescence for the PI in THF film
However, AA film results are repeatable, consistent and are exclusive to DMF
(Figure 22). PI film obtained from acetic acid has demonstrated good selectivity to DMF
based on its interaction with solvents such as hexane, ethanol, acetonitrile, benzene,
acetone, methylene chloride, and chloroform. PI film fluorescence intensity has 18,000
counts in the absence of TEA. With increased exposure time to TEA a blue shift at 406
nm and intensity enhancement to 33,700 are observed. Interestingly, in film from acetic
acid the emission band at 453 nm was blue-shifted by 47 nm compared to that of PI film
drop cast from DMF solvent that shows up at 397 nm.
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PI in AA Film exposed to a mixture ofhexane,
ethanol, acetone, methylene chloride, toluene,
chloroform, and DMF mixture. The fluorescence
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Figure 22:PI in AA film demonstrated specificity to DMF
3.3.1 Time-resolved FT-IR study of PI in KBr
The purpose of this study is to explore the interaction of PI pellet obtained from
potassium bromide (KBr) with acetic acid vapors. These pellets are used to control the
concentration of PL The FTIR characterization tool is utilized to confirm the possible
interaction of PI with AA. PI in KBr pellet was made by using 0.04 mg of PI in excess
KBr to create an opaque pellet. The screws were removed and the pellet remained in the
IR accessory to be scanned to establish a blank or standard. This same disc is exposed to
acetic acid vapors for a total of 85 minutes with measurements taken in increments of
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10,15,20, and 40 minutes. As a result of exposure to acetic acid a vibration band at 1725
cm4is observed, indicating the presence of a carbonyl bond. A wide vibration band for
the alcohol group from the carboxylic acid is also shown up at 3335 cm"1. The C-0
vibration band at 1280 cm"1, and the O-H bend is shown at 1382 cm"1. The intensity of
these bands, in general, increase as exposure time increases. The results indicate that
there is an intrinsic interaction between acetic acid and PI in KBr pellet (Figure 24).
hi a controlled experiment, KBr pellet was scanned first, and then subjected to
AA vapor. The disc was exposed to AA vapors for a total of 85 minutes. It is found that
there are no bands showing up that correspond to AA. This experiment demonstrates that
KBr matrix does not uptake AA. This observation is consistent with the suggestion that
the bands belonging to AA observed previously are due to the interaction ofAA with PI.
hi pure KBr disc which is absent from PI, there is no interaction mechanism that can
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Figure 24:FTTR characterization tool is utilized to confirm the possible interaction of PI with AA.
3.3.2 Time-resolved Study Using PI in KBr Pellet
To investigate the stability of the AA in the matrix of the PI lattice structure a
time-resolved study of PI KBr pellet was undertaken. The PI disc was made the same as
for IR study with 0.04 mg of PI in excess KBr to create an opaque pellet. The pellet was
removed carefully from the IR accessory and taped onto a glass slide for solid state
fluorescence analysis. The initial blank was scanned and the sample was exposed to AA
vapor for 85 minutes in increments of 10, 15, 20 and 40 minutes. The fluorescence of PI
is found to be quenched continuously. Notably, there is also a red shift that occurs at
488nmwhich is similar to the fluorescence profilefrom that of the PI film drop-cast
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fromAA (Figure 25). Shortly thereafter the completion of exposure to AA vapor for a
total of 85 minutes, the same slide is left exposed in air for a total of 6 hours with
fluorescence scan taken every 40 minutes. There is little to no fluorescence intensity
changes observed over this period and therefore, indicating thatacetic acid uptaken into
PI KBr film vapors is stable in the lattice.The fluorescence stability of the sensor
molecules indicates that AA uptaken into the film is not simply entrapped in the matrix
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Figure 25: Time-resolved Study ofPI in KBr pellet
3.1 Sensor for DMF and HMTD Explosives
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Fluorescent chemosensors can be effectively used as a tool to recognize DMF
substrates and measure the amount of DMF present from the sources contaminated with
them. We know PI is a good candidate for the fluorescence probe because it is fluorescent
in the solid state.PI in KBr pellet was made by using 0.04 mg of PI in excess KBr to
create an opaque pellet. The pellet was removed carefully from IR accessory and taped
on to glass slide for solid state fluorescence analysis. The initial blank was scanned
followed by 1 minute exposure to AA vapor. The fluorescence intensity quenched after
the initial exposure to AA vapor. The sample is exposed to AA vapor in increments of 1,
10, and 20 minutes and the intensity continued to decrease and caused a bathochromic
shift during this process to 455 nm. This same sample was exposed to DMF in increments
of 2,5,10,3,6,10,12, and 6 minutes. Theoriginal profile of PI was retained and during the
total of 54 minutes of exposure to DMF vapor, the PI in DMF film was attained with a
hypsochromic shiftalso observed (Figure 26). The luminescence intensityindicate the
response rate of the sensor is reasonably fast, and potentially reusable, with the possibly
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Figure 26:The luminescence intensity of PI in Kbr exposed to AA and DMF
3.2 The Role of Phenanthro[9,10-</]imidazoles' as Chelating Ligands
Acetic acid has both carbonyl and hydroxyl groups, which are known to form H-
bonding with various molecules.94 We speculate that acetic acid could interact with PI in
two ways. One is hydroxyl of acetic acid interacting with the N in the 3-position of
imidazole ring of PI, and the other carbonyl of acetic acid interacts with the NH in the 1-
position of imidazole of PI. (Figure 27)illustrates the two such bonding modes on the PI
ligand upon contact with acetic acid. Among these two modes, the former is more
plausible. Imidazole is essentially an organic base which would naturally interact with an
organic acid such as acetic acid here. Ooyama et al. reported the proton transfer from an
acid to the N atom in the 3-position of an imidazole core as a result of such acid-based
interaction.94 The similar interaction perhaps exists in PI and acetic acid as well.
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CH3
Figure 27: The two bonding modes on the PI ligand upon enclathration
3.3 Sensitivity of other Derivatives
In this context, Phenanthro[9,10-cf]imidazole and its derivatives have been
explored to improve solubility of SWNTs in organic solutions,to separate a solid
SWNTshybrid nanomaterial from the solutions, and to develop a probe for the commonly
mitigation of Trinitrotoluene (TNT) based substances. PI is potentially a good candidate
for the interaction with and modification of SWNTs because it has a planar aromatic
geometry which is conducive to the pi-pi stacking interaction. On the other hand, PI has
the intrinsic fluorescence property so that the nanomaterials containing PI can be
explored to serve as the fluorescence probe.
We first chose to explore PI to probe nitroaromatic compounds. The following
nitro aromatic reagents are examined mainly because of their commercial availability and
technical ease of handling: 5-methyl-2-nitroaniline, 4-methyl-3-nitroaniline, 2-methyl-5-
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nitroaniline, m-dinitrobenzene, nitrobenzene, and TNT.The corresponding fluorescence
band was observed at 377 nm with a shoulder at 390 nm (
Figure 28). In 2 uL increments nitro aromatic compounds such as 5-methyl-2-
nitroaniline, 4-methyl-3-nitroaniline, 2-methyl-5-nitroaniline, m-dinitrobenzene,
nitrobenzene and TNT at various concentrations are added to the original PI in THF
solution (concentration of PI is 2 x lO^M). It is found that PI fluorescence is quenched by
aromatic nitro compounds in all the cases and hasan excellent response. It is
concentration based quenching and the detection sensitivity is in the range of ppm. For
example, the fluorescent organic compound PI have been applied to the detection ofTNT
explosive in solution state; detection limits in the parts-per million range have been
pragmatic and has the potential to go lower. Fluorescent organic and inorganic
conjugated polymers have been applied to the detection of nitroaromatic explosives in
solution and in the vapor phase; detection limits in the parts-per-billion and even parts-
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Figure 28: The quenching of PI by aromatic nitro compounds
3.4 The Solubilization of SWNT-COOH with Ligands in DMF
Phenanthro[9,10-<5T|imidazole and its derivatives absorbs in the ultraviolet region
or organic region at 400 nm. However, CNTs absorbs in the near infrared (NIR) region at
600-1400 ppm. The UV-Vis-NIR spectra of LPI and 4MBI are shown in (Figure 29), the
characteristic features due to the increased of the ligand concentrations are clearly
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solubilizing the SWNT-COOH, as expected, when compared to SWNT-COOH in DMF
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Figure 29: UV-Vis spectra of4MBI and LPI are clearly solubilizing the SWNT-COOH in DMF
3.4.1 FTIR Study Suggests Non-covalent Modification of SWNT-COOH
FTIR of the LPI ligand is compared to that of the SWNT-COOH and the LPI-
SWNT-COOH composite. The intense band of the amine group found from the LPI
ligand at 3341 cm-1 has disappeared in the composite material and takes on the formation
of a wide band for the O-H group from the carboxylic acid at 3458 cm-1. The aromatic
carbons at 1623 cm-1 from the benzene ring of the SWNT-COOH is present in the
composite material with a shift to 1653 cm-1. The short C-H vibration band at 3062 cm-1
is present in the LPI ligand and the composite material at 2922 cm-1. Based on the
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comparison of the FTIR spectra of the pure ligand and the ligand with SWNT-COOH we
strongly believe that there is interaction between the ligand and the acid already. This is
likely due to the occurrence of hydrogen bonding from carboxylic acid -OH group to the
nitrogen on the imidazole ring.
As shown in
Figure 30a, solution of LPI and SWNT-COOH after sonication, centrifugation,
filtration, and re-dispersion in DMF. Figure 29b,SWNT-COOHs in DMF, Figure 29c,
LPI DMF solution and Figure 29 d,solution after the centrifugation procedure for the
sonicated SWNT-COOHs in LPI DMF solution, respectively. Yellow-black colored
transparent solution (Figure la) strongly suggests that LPI can disperse/dissolve SWNT-
COOHs. No precipitation was noticed in the SWNT-COOHs-LPI DMF solution even
after 3 months upon storage at room temperature.
a b C d
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Figure 30: Solutions of LPI and SWNT-COOH in various states
110
A typical solubilization procedure for carbon nanotubes was used. SWNT-
COOH (~2 mg) were added to -20 mg ofPI solution in DMF (5 ml, spectral grade), and
then sonicated (Branson 5510) for 1 hour at room temperature, followed by
centrifugation (Marathon Micro H Fisher Scientific) of the suspension for 1 hour to
remove insoluble carbon nanotubes.
Solid CNTs are known to be readily separable by filtration. The SWNT-COOHs-
LPI DMF dispersion/solution was passed through a filter (Advantec PTFE; pore size 0.45
urn), and then the collected solid nanotubes were rinsed with 5 mL ofDMF. Sonication
(ultrasonic cleaner, Branson 2510) of the obtained solid in DMF for 3 minutes was found
to produce a yellowish black-colored transparent dispersion (Figure 33 a), indicating that
the separated SWNT-COOHs contain LPI. The amphiphilic character of LPI is highly
favorable for self-assembly through %-n stacking in hydrophilic solvents such as DMF,
where the hydrophilic, part tends to stretch out into the solvent, while the hydrophobic
alkyl side chains tends to interdigitate one another to hold the SWNT-COOHs-LPI
nanocomposite together. 113This implies the formation of a imidazole-nanotube
nanocomposite, in which the LPI would be expected to adsorb to the surface ofthe
nanotubes with a less bundled structure. Fluorescence spectra were found to give direct
evidence for the interaction of LPI and the nanotubes. The results are shown in
Figure 30. The greatest peak of the spectra of the re-solubilized solution,
appearing at 426 nm, was identical with those ofLPI DMF solution. As is seen in the
figure, we were able to detect a significant decrease in the fluorescence intensity in the
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re-solubilized LPI-SWNT-COOHs solution compared with that of the LPI solely
solution. This fluorescence quenching would be derived from efficient energy transfer
from LPI to the nanotubes, which function the same as nitrogen as electron-withdrawing
species when absorbed onto the SWNT-COOH.112>113
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Figure 31:The fluorescence intensity of the re-solubilized LPI-SWNT-COOHs solution compared
with that of the LPI solely solution
2mL ofpure SWNT-COOHs-LPI in DMF was added to cuvette and a blank
standard was scanned. 2 uL and then 6 jj.L ofTNT solution (5.5 uL ofTNT in 5 mL of
acetonitrile)were added incrementally in the attempt to quench the SWNT-COOHs-LPI
in DMF. A slight quench was observed during the first addition of 2 |j.L of the stock
solution (Figure 32). Thereafter, the intensity ofthe LPI fluctuated. We reason that LPI
molecules on the SWNT-COOH surface are partially replaced by TNT molecules and in
return the LPI molecules end up in the solution. These solution states trade off causes the
fluorescence intensity to fluctuate from quenching to enhancement and vice versa. We
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propose that with the increase ofTNT on the surface of the SWNT-COOH quenching of
the LPI should be observed.An alternative explanation would be that the imidazole-
quencher complex is dominated by a charge-transfer interaction between imidazole and
quencher and that the formation constant increases with quencher electron acceptor
ability.114 Another explanation for the fluctuation of the intensity could be when TNT
molecules are added to the solution they are sharing the surface area of the SWNT-
COOH and the equilibrium between the LPI and TNT molecules are met and thus
triggering enhancement ofthe LPI emission.21 Noteworthy is the observation that there is
an enhancement of LPI fluorescence spectra which may be related to the restricted
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Figure 32: The liquid fluorescence spectra of LPI exposed to TNT
3.5 The Role of Carbazone Compounds
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Generally these compounds are not fluorescent but they have the unique ability to
be fluorescent though aggregation emission which is able to "turn on "these properties.
We anticipate exploring the ability to "turn on" such properties by nitroaromatic





Melting points were obtained in open capillary tubes with Mel-Temp II
Laboratory Devices, Inc. melting point apparatus and are uncorrected. Infrared (IR)
spectra were run on a PerkinElmer Spectrum 65 in KBr pellets. *H NMR and 13C NMR
spectra were recorded on a Bruker ARX 400 and 500 MHz spectrometer in CDC13 or
DMSO-^ with or without TMS as an internal standard. Chemical shifts are reported in
parts per million (ppm) and J-coupling results are reported as hertz (Hz).
Either silica gel (63-200 urn) from Sorbent Technologies or alumina gel
(50-200 um) from Scientific Adsorbents, Inc. was used for column chromatography. The
elution solvent for purification was determined by thin layer chromatography (TLC).
Analytical TLC was carried out using pre-coated silica gel or alumina neutral plates with
UV 254 indicators. TLC plates were visualized with Spectroline Longlife Filter UV light
short (254 nm) and long (365 nm) waves ultraviolet.
All chemicals and solvents were purchased from Aldrich. Solvents used
for moisture sensitive reactions were degassed and distilled under nitrogen or argon
atmosphere using the following method: tetrahydrofuran (THF) was dried from sodium/
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benzophenone ketyl under argon atmosphere. All other solvents were used as received.
All reactions were carried out under nitrogen.
Fluorescence was determined using PTI Fluorometer. UV-VIS absorption
spectra were recorded on a Beckman DU 650 spectrophotometer. All solutions were
made with Spectrograde tetrahydrofuran from Sigma-Aldrich and used as received
commercially.
General procedures for the synthesis of Pi-based compounds (shown in Figure
20): A mixture of 9,10-Phenanthrenequinone, ammonium acetated, corresponding
aldehyde and acetic acid was refluxed under nitrogen in an oil bath. After 2 h, the mixture
was cooled and filtered. The solid product was washed with water and cold ethanol
mixture (1:1). It was then purified from ethanol.
4.2 Synthesis of 1, 9-Phrenanthrenequinone Ligands








To a two-necked round bottomed flask equipped with a magnetic stirring bar and
a condenser for refluxing, 9,10-Phenanthrenequinone (0.200 g, 0.961 mmol), 4-Bis [2-
(acetyloxy) ethyl]-amino] benzaldehyde (0.282 g, 0.961 mmol), and ammonium acetate
(1.48 g, 19.20 mmol) is added to 30 mL of glacial acetic acid and allowed to reflux for 2
hours under nitrogen. Once the reaction is complete, it is allowed to cool and the mixture
is pour into ice water and the filtrate is collected via vacuum filtration, washed with water
and cold ethanol mixture (1:1), and allowed to dry under P2O5 conditions for 24 hours.
The crude product is recrystallized from methanol.Pure gold crystals is obtained and
purity is verified using TLC (Alumina EtOAc:HEX:MeOH (2:1:0.1) to have one spot.
(Yield: 80.3%) mp 183-184°C; (100 MHz, DMSO-J6, ppm) 8 13.117 (s, 1H), 8.840 (d,
2HJ=8.4), 8.545 (d, 2H, .7=7.6), 8.135 (d, 2H, .7=8.8), 7.717 (t, 2H, .7=7.4), 7.609 (t,
2H, /=7.6), 6.995 (d, 2H, .7=8.8), 4.254 (t, 2H, J=-0.2), 3.717 (t, 4H J=5.8), 2.028 (s,
6H). 13C NMR (100 MHz, DMSO-J6 ppm) 8 170.41, 149.99, 148.14, 127.45, 127.25,
126.89, 124.75, 121.77, 118.24, 111.66, 61.03, 48.84, 20.66. FT-IR (KBr): 3341.61(N-H
secondary amine), 3080.12 (s, C-H aromatic), 2956.58, 2897.78 (w, C-H aliphatic),
1718.08 (s, C=O ester stretch) cm"1.
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In a 50 mL single-necked round bottomed flask equipped with a magnetic stirring
bar and a condenser for refluxing and a nitrogen inlet, LPI (0.150 g, 0.415 mmol) is
dissolved in 7 mL of DMF, 5 mL of 20% sodium hydroxide and allowed to reflux
overnight under nitrogen. Once the reaction is complete, it is allowed to cool and the
mixture is pour into ice water and the filtrate is collected via vacuum filtration and
washed with water and cold ethanol mixture (1:1) allowed to dry under P2O5 conditions.
The crude product is recrystallized from methanol. Pure yellow powder was obtained and
purity is verified using TLC (Alumina EtOAc:HEX:MeOH (2:l:0.1).(Yield: 42.6%) mp
264-265°C; *H NMR (100 MHz, DMSO-J6, ppm) 8 13.066 (s, 1H), 8.834 (d,
2H/=19.6), 8.550 (d, 2H, J=26), 8.102 (d, 2H, J=9.2), 7-601 (d, 2H, J=16.4), 6.891 (d,
2H J=9.2), 4.839 (s, 2H, OH), 3.633 (d, 4H, .7=1.8) 3.547 (d, 4H, 7=2). 13C NMR( 100
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MHz, DMS0-J6 ppm) 8 163.48, 150.75, 149.30, 127.90, 127.69, 127.35, 125.19,
122.25, 117.67, 111.67, 58.62, 53.64. FT-IR (KBr): 3258.36 (s/br, O-H bonded),
2947.43, 2897.84 (w, C-H aliphatic), 1610.18 (s, C=O), 1487.15 (s, N-H) cm4.




The synthesis of PI used the method similar to LPI and that of Krebs et al.with the
following parameters:9, 10-Phenanthrenequinone(0.200 g, 0.961 mmol), benzaldehyde
(0.101 g, 0.961 mmol, and ammonium acetate (1.48 g, 19.22 mmol) as well as 30 mL
HOAc. The crude product is recrystallized from methanol. Pure dark brown crystals were
obtained and purity is verified using TLC (Alumina EtOAc:HEX:MeOH (2:1:0.1) to have
one spot. (Yield: 78.2%) mp 328-330°C; *H NMR (100 MHz, CdCl3, ppm) 5 13.475 (s,
1H), 8.881 (d, 1H /=8.5), 8.623 (d, 1H, J=8), 8.343 (d, 1H, J=l), 7.757 (d, 1H, J=12.4),
7.627 (d, 1H J=19), 7.531 (t, 1H, J=12). 13C NMR(100 MHz, CdCl3, ppm) 5 153.95,
149.61, 137.49, 130.88, 129.71, 128.18, 127.64, 126.64, 125.82, 124.56, 122.39. FT-IR
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The synthesis of 4MBI used the method similar toLPI and that of Damavandi et
al. in the following scale: Light brown crystals is obtained and purity is verified using
TLC (Alumina EtOAc:HEX:MeOH (2:1:0.1) to have one spot. (Yield: 79.8%) mp 255-
256°C; !H NMR (100 MHz, CdCl3, ppm) 5 13.509 (s, 1H), 8.853 (d, 1H J=8), 8.603 (d,
1H, /=7.5), 8.521 (d, 1H J=7.5), 8.308 (d, 1H, J=7.5), 7.742 (d, 2H, J=7.2), 7.613 (d, 2H,
J=8.5), 7.531 (d, 1H, J=12). 13C NMR(100 MHz, CdCl3) ppm) 8 149.15, 136.87, 130.23,
129.27, 129.27, 128.93, 127.65, 127.07, 126.14, 125.40, 124.03, 123.67, 122.32, 121.90.
FT-IR (KBr): 3056.02 (aromatic C-H stretch), 2858.46 (w, C-H), 1457.13 (s, N-H bend)
cm4.101
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3.2.5. Synthesis of LPI-PA
The synthesis of LPI-PA is similar to that of LPI with the following
parameters:9,10-Phenanthrenequinone(0.200 g, 0.961 mmol), 4-actetamido-benzaldehyde
(0.235 g, 1.440 mmol, 1.5 equiv.), and ammonium acetate (1.48 g, 19.22 mmol) as well
as 30 mL HOAc, The crude product is recrystallized from methanol. A beige solid is
obtained and verified using TLC (Alumina EtOAc:HEX:MeOH (2:l:0.1)to have one
spot. (Yield: 35.3%) mp 242-243°C; *H NMR (125 MHz, DMSO-J6, ppm) 13.350 (s,
1H), 10.200 (s, 1H), 8.853 (d, 1H, 7=7.5), 8.586 (d, 1H, 7=7.5), 8.244 (t, 1H, 7=8.5),
7.816 (d, 1H, 7=9), 7.754 (d, 2H J=9), 7.644 (t, 1H 7=14.1) 2.104 (s, 2H).13C NMR(125
MHz, DMSO-^6 ppm) 169.01, 149.59, 140.73, 137.39, 127.93, 127.57, 127.50, 127.22,
125.65,125.50,124.54, 124.18,122.86,122. 34, 119.47, 24.58.
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4.3 Synthesis of benzohydrazide Ligands
General procedures for the synthesis of carbazone-based compounds (shown in
Figure 20): A mixture of corresponding carbazone, corresponding aldehyde and methanol
was refluxed under nitrogen in an oil bath. After 6 h, 24 h, the mixture was cooled and
filtered. The solid product was washed with water and cold ethanol mixture (1:1). It was
then purified from both ethanol and methanol.





A 90°C 24 h
In a flame dried 100 mL single necked round bottom flask equipped with a
magnetic stirrer, a condenser and the set-up is purged with N2. 4-bis (acetyloxy) ethyl]-
amino]benzaldehyde (0.200 g, 0.6818 mmol) and benzoic hydrazine (0.093 g, 0.6818
mmol) are dissolved in 20 mL of ethanol and allowed to reflux overnight under nitrogen.
Once the reaction is complete, it is allowed to cool and the mixture is pour into ice water
and the filtrate is collected via vacuum filtration, washed with water and cold ethanol
mixture (1:1) and allowed to dry under P2O5 conditions. The crude product is
recrystallized in a mixture of ethanol and methanol. A lime green needle is obtained and
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purity is verified using TLC (Alumina EtOAc:HEX:MeOH (2:l:0.1)to have one spot.
(Yield: 44.2%) mp 134-135°C; *H NMR (125 MHz, CdCl3, ppm) 9.856 (s, 1H), 8.242 (d,
1H, .7=4.8), 7.893 (d, 2H, .7=6), 7.614 (d, 2H, .7=6.8), 7.490 (d, 1H, J=6), 7.424 (t, 2H,
J=3), 6.708 (d, 2H, .7=3.4), 4.245 (d, 4H, .7=3.3), 3.657 (t, 4H, .7=3.2), 2.049 (s, 6H). 13C
NMR(125 MHz, CdCl3, ppm) 170.96, 164.27, 149.22, 133.57, 131.66, 129.55, 128.53,
127.45,122.41, 111.57, 61.27, 49.52, 20.86. FT-IR (KBr): 3220.72 (m, N-H) 3028.44 (w,
aromatic C-H), 2942.58, 2880.33 (C-H, aliphatic), 1738.99 (s, C=O) cm'1, 1229.58 (N-H
bend and C-H stretching).
4.3.2 Synthesis of 4B-OH-Ph
CHO
4B-OH-Ph
The synthesis of 4B-OH-Ph is similar to that of 4B-OAPh with the following
parameters: 4-[N, N-Bis (2-hydroxy ethyl) amino] benzaldehyde (0.200 g, 0.955 mmol),
Benzoic Hydrazine (0.130 g, 0.955 mmol) is dissolved in 20 mL of ethanol.A lime green
solid is obtained and purity is verified using TLC (Alumina EtOAc:HEX:MeOH
(2:l:0.1)to have one spot. (Yield: 63.2%) mp 221-222°C; *H NMR (125 MHz, CdCl3,
ppm) 11.515 (s, 1H) 8.287 (s, 1H), 7.898 (d, 2H, J=6), 7.520 (m, 5H), 6.765 (d, 2H,
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.7=8.4), 4.798 (t, 2H, OH), 3.559 (t, 4H J=2.7S) 3.489 (t, 4H, 7=10). 13C NMR(125 MHz,
CdCl3,ppm) 8 163.13, 150.05, 149.11, 134.27, 131.91, 129.09, 128.88, 127.94, 121.36,
111.68, 58.52, 53.58. FT-IR (KBr): 3235.76 (s/br, O-H), 2979.14, 2892.42 (C-H
aliphatic), 1656.82 (s, C=O), 1282.13 (N-H) cm"1.






The synthesis of 4-MeOS is similar to that of 4B-OAPh with the following
parameters:4-Methyl-3-thiosemicarbazide(0.200 g, 1.468 mmol), 4-
methoxybenzaldehyde (0.154 g, 1.468 mmol) is dissolved in 20 mL of methanol. The
crude product is recrystallized from methanol. A white solid is obtained and verified
using TLC (Alumina EtOAc:HEX:MeOH (2:1:0.1) to have one spot. (Yield: 64.7%) mp
167-168°C; *H NMR (125 MHz, CdCl3, ppm) 9.169 (s, 1H) 7.749 (s, 1H), 7.612 (d, 1H,
J=9), 6.95 (d, 1H, J=9), 3.878 (s, 3H) 3.293 (d,3H, J=5), 1.622 (s, 1H). 13C NMR(125
MHz, CdCl3)ppm) 8 178.30, 161.58, 142.20, 128.90, 125.80, 114.38, 55.44, 31.22. FT-IR
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(KBr): 3322.73 (s, N-H secondary amine stretch), 3162.5 (Aromatic C-H stretch) 2881.47











The synthesis of 4B-OAc-Py is similar to that of 4B-OAPh with the following
parameters:4-Bis (acetyloxy) ethyl]-aminojbenzaldehyde (0.200 g, 0.956 mmol),
nicotinic acid hydrazide (0.131 g, 0.956 mmol) is dissolved in 20 mL of ethanol. The
crude product is recrystallized using methanol. A green solid is obtained and verified
using TLC (Alumina EtOAc:HEX:MeOH (2:l:0.1)to have one spot. (Yield: 72.46%) mp
217-218°C; !H NMR (500 MHz, CdCl3, ppm) 10.219 (s, 1H), 9.882 (s, 1H), 9.272 (d, 1H
J=7.5), 9.103 (s, 1H, 7=3.95), 8.732 (d, 1H J=7.25), 8.236 (d, 1H, J=6.2),7.845 (d, 1H,
J=9), 7.490 (d, 1H, J=7.25), 6.708 (d, 2H, J=8.6), 4.257 (s, 4H, J=12.15), 3.673 (t, 4H,
J=12.35), 2.061 (s, 6H). 13C NMR(500 MHz, CdCl3;ppm) 170.97, 162.21, 152.26,
147.94, 149.96, 137.84, 135.83, 129.70, 123.69, 122.81, 121.87, 111.62, 61.22, 49.55,
20.89. FT-IR (KBr): 3438.76 (w, N-H), 3199.53 (w, C-H aromatic), 3035.05 (w, C-H
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Aromatic stretch from pyridine), 2968.07 (C-H, aliphatic), 1738.24 (s, C=O), 1603.19 (s,
C=C stretch) cm1.




The synthesis of 4B-OHPy is similar to that of 4B-OAc-Py with the following
parameters: 4-[N, N-Bis (2-hydroxy ethyl) amino] benzaldehyde (0.200 g, 0.956 mmol),
nicotinic acid hydrazide (0.131 g, 0.956 mmol) is dissolved in 20 mL of ethanol and
allowed to reflux overnight under nitrogen. Once the reaction is complete, it is allowed to
cool and the mixture is pour into ice water and the filtrate is collected via vacuum
filtration and allowed to dry under P2O5 conditions for 24 hours. The crude product is
recrystallized using methanol. A green solid is obtained and verified using TLC (Alumina
EtOAc:HEX:MeOH (2:l:0.1)to have one spot. (Yield: 84.7%) mp 237-238°C; !H NMR
(500 MHz, DMSO-J6, ppm) 8 11.703 (s, 1H) 9.054 (d, 1H, J=0.5 Hz), 8.751 (d, 1H,
J=6.5 Hz), 8.233 (d, 1H, J=3.95 Hz), 7.522 (d, 3H, J=4.5 Hz), 6.769 (d, 1H, J=4.5 Hz),
4.817 (s, 2H), 3.578 (m, 5H J=5) 3.491(m, 5H J=12.3).13C NMR (500 MHz, CDC13-^,
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ppm), 8 161.59, 152.46, 150.21, 148.93, 135.77, 130.02, 129.20, 124.03, 121.13, 111.70,
58.53, 53.59. FT-IR (KBr): 3226.56 (s/br, O-H), 3078.06 (m, aromatic C-H), 2970.13,
2892.04 (w, C-H aliphatic), 1658.09 (s, C=O), 1601.04 (s, C=C), 1524.56 (s, N-H) cm"1.








The synthesis of I-OCH3-PY is similar to that of 4-MeOS with the following
parameters: Isoniazid (0.576 g, 4. 2 mmol, 1.5 equiv.), 4-methoxy benzaldehyde (0.381 g,
2.8 mmol, 1 equiv.) is dissolved in 10 mL of methanol. The crude product is
recrystallized from methanol. A white solid is obtained and verified using TLC (Alumina
EtOAc:HEX:MeOH (2:l:0.1)to have one spot. (Yield: 84.2 %) mp 167-168°C; *H NMR
(500 MHz, DMSO-^j, ppm) 5 11.964 (s, 1H) 8.791 (d, 1H, J=6 Hz), 8.419 (s, 1H), 7.827
(d, 2H, J=6.5 Hz), 7.709 (d, 2H, J=8.5 Hz), 7.046 (d, 1H, J=9 Hz), 3.825 (s, 3H).13C
NMR (500 MHz, DMSO-J& ppm), 8 168.03, 161.55, 150.77, 149.38, 141.11, 129.39,
127.04, 121.98, 114.79, 55.80. FT-IR (KBr): 3446.20 (s, N-H secondary amine stretch)
cm"13038.95 (Aromatic C-H stretch), 2885.23(C-H aliphatic) 1515.32 (N-H bend)cm"1.
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The synthesis of 4-POAc is similar to that of 4B-OAPh with the following
parameters:4-Bis (acetyloxy) ethyl]-aminojbenzaldehyde (0.150 g, 0.5113 mmol), 4-
Phenylthiosemicarbazide (0.086 g, 0.5113 mmols) is dissolved in 20 mL of ethanol. A
yellow solid is obtained and recrystallization by slow evaporation of solutions in
methanol at room temperature afforded both green and blue crystals verified using TLC
(Alumina EtOAc:HEX:MeOH (2:l:0.1)to have one spot. (Yield: 92.3 %) mp 96-97°C; *H
NMR (500 MHz, CDC13, ppm) 5 9.956 (s, 1H) 9.21 (s, 1H), 7.860 (s, 1H), 7.706 (d, 1H,
J=7.5 Hz), 7.578 (d, 1H, J=8.5 Hz), 7.433 (t, 2H, J=12.8 Hz), 6.795 (d, 1H,J=7.2
Hz)4.286 (t, 2H, J=10 Hz), 3.700 (t, 2H, J=10 Hz) 2.082 (s, 1H).13C NMR (400 MHz,
CDCl3,ppm), 8 175.08, 170.94, 149.27, 143.54, 138.07, 129.30, 128.76, 125.97, 121.56,
111.83, 61.13, 49.60, 20.90. FT-IR (KBr): 3313.51 (s, N-H secondary amine stretch) cm"




A variety of carbazone compounds plus phenanthro[9,10-(/]imidazole based
derivatives were successfully synthesized and characterized using !H and 13C NMR,
FTIR, and X-ray crystallography.
The donor acceptor relationship between a planar geometry imidazole and the
ultra-trace analytes from explosives enables efficient direct sensing of nitro-based
explosives and indirect sensing of peroxide based explosives decomposition products.113
Electron deficient analytes, such as nitroaromatic explosives, can act as electron
acceptors for photoexcited electrons of imidazoles.
We found that 2-phenyl-lH-phenanthro[9,10-d]imidazole exhibits fluorescence
enhancement behavior with a blue-shift of the emission maximum upon the inclusion of
acetic acid and dimethylformamide vapors. FTIR study demonstrated that there is an
intrinsic interaction between acetic acid and PI in KBr pellet. Our results indicate the
modulation of the solid-state fluorescence properties should be achieved by a
combination of the fluorescence clatharate host and guest molecule. The advantages of
these films include highly fluorescent, good reproducibility and specificity to DMF.
2-phenyl-lH-phenanthro[9,10-d]imidazole and new carbazone compounds were
investigated for a potential fluorescent TNT sensing probe. Upon the addition of nitro
aromatic compounds like TNT to 2-phenyl-lH-phenanthro[9,10-d]imidazole in THF, a
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concentration-dependent quenching is observed and the detection sensitivity is in the
range ofppm.
We have prepared, for the first time, LPI imidazole-functionalized carbon
nanotubes in solution. The dissolution of the SWNT-COOHs probably arises from the
LPIs onto the sidewall of the carbon nanotube. The solid SWNT-COOHs-LPI
nanocomposite is readily separable from the solution and this nanomaterial is re-
dissolvable in DMF. The fluorescence spectrum measurements give evidence for the
interaction between the nanotube sidewall and LPI in the DMF solution.
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